Streptococcus mutans strains were isolated from cohorts of Brazilian nursery school children and genotyped by arbitrarily primed PCR and restriction fragment length polymorphism analysis. Of 24 children with two to five S. mutans isolates, 29% carried two or more genotypes. The presence of matching genotypes of S. mutans among children attending one nursery suggests horizontal transmission.
Dental caries is a transmissible infectious disease in which mutans streptococci (MS) play the major role. Infective strains of Streptococcus mutans, the most prevalent species of the MS group, may persist for many years in the mouths of preschool children (1, 6, 22) . Early colonization is related to high caries activity during childhood (3, 7, 11) . The mechanisms by which MS colonize and accumulate on tooth surfaces are not completely clear. In addition to environmental and host factors, specific genotypes of S. mutans may be more aggressive colonizers. This is suggested by previous findings of positive relationships between the production of water-insoluble glucan from sucrose by glucosyltransferase (GTF) activities and the intensity of MS oral colonization and caries incidence (19) .
Essential to the development of strategies for the prevention of dental caries is the identification of sources of MS transmission. DNA fingerprinting studies indicate that vertical transmission of bacteria from mother to child is the major route for early acquisition (2, 13, 15, 18, 21) . However, detection of genotypes in children that are not found in their mothers or other family members indicates that MS may also be acquired from other sources (13, 21, 22) . Since the spread of infectious agents is likely to occur in a nursery environment, we investigated the genetic similarity of MS strains isolated from Brazilian children attending nursery schools. The production of GTF isozymes was also examined to validate the genotypic similarities that we identified.
The study group included 35 MS-infected children between 12 and 30 months of age (mean Ϯ standard deviation ϭ 23 Ϯ 5 months). This group accounted for 49% of the MS-colonized children previously described in a larger population (20) , and it was primarily selected for the study of MS virulence factors. These children attended nine nursery schools in the city of Piracicaba, São Paulo, Brazil, for 5 days per week, 10 h per day. A total of four sucrose-rich meals were provided daily in the nurseries. Clinical exams were performed to record the number of erupted teeth and manifest caries lesions as previously described (20) . Written informed consent was obtained from the parents, and all consent and experimental procedures were approved by the institutional Ethical Committee of the University of São Paulo School of Dentistry.
One to five isolates of MS were recovered from each of the 35 children. As previously described (19) , oral samples were collected with tongue blades which were then pressed on the surface of mitis salivarius agar contact plates (Difco) (12) containing 2 IU of bacitracin (Sigma)/ml and 15% sucrose (Difco) (9) . The number of colonies with mutans-like morphology was obtained for a predetermined area of the tongue blade impression (1.5 cm 2 ). Individual MS colonies representative of the colonial morphologies were subcultured on mitis salivarius and tryptic soy agar plates, and pure cultures were then frozen at Ϫ70°C in 10% skim milk. These strains were identified to species level biochemically (19) .
DNA from a total of 76 MS isolates (74 S. mutans and 2 Streptococcus sobrinus) was purified using the Master Pure DNA purification kit (Epicentre Technologies, Madison, Wis.) according to the manufacturer's instructions. Arbitrarily primed (AP) PCR fingerprinting was performed with the primer sequence 5Ј-TGCCGAGCTG-3Ј as previously described (16) . PCRs included 45 cycles of denaturing at 94°C (30 s), annealing at 36°C (30 s), and extending at 72°C (1 min). Amplicons were separated by electrophoresis in 1.5% agarose gels in Tris-borate-EDTA running buffer. Ethidium bromide-stained gel images were captured with a digital imaging system (Alpha IS-2000; Innotech Corp., San Leandro, Calif.). Molecular sizes for each band were computed and analyzed using Diversity Database software (Bio-Rad Laboratories, Richmond, Calif.). MS isolates from different children with very similar fingerprinting profiles (Dice coefficient, Ͼ95%) were examined by chromosomal DNA restriction fragment length polymorphism (RFLP) analysis. For this purpose, small-scale phenol extraction of chromosomal DNA was performed, and DNA was digested with HaeIII restriction endonuclease (18) . The resulting fragments were electrophoretically resolved at 1.4 V/cm in Tris-borate-EDTA for 16 h in 0.55% agarose gels. Only children carrying two or more isolates of S. mutans species (n ϭ 24) were included in the statistical analysis for comparisons of genotypic diversity regarding the other variables analyzed.
The amounts of GTF isozymes GTF-B, GTF-C, and GTF-D in culture supernatants of S. mutans isolates were analyzed with the monoclonal antibodies P72, P32, and P4, respectively (8) . Fifty microliters of culture supernatant, prepared as described previously (19) , was applied to nitrocellulose membranes with a dot blot apparatus (Bio-Rad). Following overnight blocking with 10% skim milk in Tris-HCl buffer (pH 7.4), the membranes were incubated for 2 h with primary antibodies P72 (1:60), P32 (1:30), or P4 (1:60) diluted in the same buffer. After a washing step with Tris-HCl buffer and incubation with anti-mouse immunoglobulin G (1:1,000) conjugated with horseradish peroxidase, the membranes were washed again and reactions were developed using the ECL system (Amersham Pharmacia Biotech, Piscataway, N.J.).
A total of 76 MS isolates from 35 children were analyzed by AP-PCR, and 45 different amplitypes were identified, 2 of which corresponded to S. sobrinus species. Figure 1 depicts the AP-PCR fingerprinting profiles observed in 5 children who attended the same nursery school and who were part of the subset of 24 children. From this subset, two or more S. mutans isolates were tested; six children (25%) were found to carry two distinct amplitypes of S. mutans and one child (4.2%) carried three different amplitypes. The characteristics of children carrying one or more amplitypes of S. mutans are shown in Table 1 .
Two children who were not genetically related but attended the same nursery carried identical strains, as observed in both AP-PCR and RFLP patterns (Fig. 2) . Both children were male, and they were 19 and 25 months of age. They were heavily colonized at the time of bacteriological exam. Interestingly, the patterns of GTF isozyme production in these isolates were also similar (Fig. 2) . Indeed, we observed that the secreted amounts of the three GTF isozymes were very similar among strains of the same genotype. This similarity was observed in 20 (87%) out of 23 children from whom two or more S. mutans isolates represented a single genotype. In contrast, a high variability of GTF production was observed among different genotypes (data not shown). These data further indicate that the expression of GTF isozymes may be intrinsic to specific clones of S. mutans.
Clusters of clonal infection in children from day care centers have been demonstrated by matching genotypes of Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis, bacterial colonizers of the nasopharyngeal tract (26) . MS, however, are not easily transmitted, and their establishment in the mouth is modulated by a complex group of factors, including the number of erupted teeth (4, 5), oral MS levels of the mothers (11), immunological status of the children (24), presence of enamel hypoplasia (17) , and sucrose consumption (25) . These factors may influence the time and intensity of the first acquisition of MS, explaining variations in MS colonization observed between different populations (5, 7, 10, 20, 24) . In the present study, children were from a low-socioeconomiclevel Brazilian community and received a sucrose-rich diet during the day care period. Nearly 75% of the 12-to 18-monthold children from this population were previously described as carrying detectable levels of MS, and 20% of them carried high MS levels (Ն100 CFU) (20) , indicating that MS colonization occurred earlier than in populations of the United States (5, 24) , Japan (7), or Sweden (10) . No significant associations between genotypic diversity of S. mutans and age, number of erupted teeth, MS levels, or caries prevalence were observed ( Table 1) . Studies comparing genotypic diversity and MS levels or caries activity have already shown conflicting results (2, 14) . Despite the low number of MS isolates tested per child, 29% of those 24 children from whom two to five isolates of S. mutans were genotyped showed more than one amplitype (Table 1) . This indicates a higher genotypic diversity than that observed in Sweden, where only 18% of 3-year-old children carried two distinct genotypes (21) . Previous studies suggested that early colonizing MS strains may be stable in the mouth for many years, although some genotypes detected in childhood could not be recovered in later years (1, 6, 22) . The frequency of matching genotypes between mother-child pairs decreases as the age of the child increases (15) . The frequency of matching genotypes in mother-child pairs also varies between populations, and cultural practices may influence the degree of contact between children and their parents and other individuals. For example, matching MS genotypes were observed in 71% of the mother-child pairs in an American population (15); however, this frequency was lower (45%) among nursery children in China (18) . In Swedish families, only 24% of 3-year-old children showed the same genotype as their mothers, none shared their fathers' genotypes, and 44% harbored genotypes that did not match those of any family members (21) . In Japan, 31.4% of the genotypes harbored by 0-to 11-year-old children matched genotypes detected in their fathers, while 30.5% of the children studied carried genotypes not found in their parents (13) . Genotypic studies with spouses have even indicated horizontal transmission of MS between adults with an established oral microbiota (23) . These findings justify the investigation of other sources for MS acquisition in young children. We hypothesized that MS could be laterally transmitted among nursery cohorts with prolonged exposure to an environment that favors the spread of infectious agents (26) and shorter periods of contact with mothers. Such horizontal transmission is suggested from the present study, since two children attending the same nursery carried the same S. mutans genotype (Fig. 2) . Both boys carried high levels of MS (Ն100 CFU) and were within the age range (19 to 31 months) previously described as the highest-risk period for MS colonization (5).
To our knowledge, this is the first report of S. mutans matching genotypes in children from unrelated families that had no contact beyond day care. Our results support previous findings of genetic diversity of MS in young children and suggest that transmission may occur among nursery cohorts in a population exposed to high MS colonization pressure. Further prospective studies involving a higher number of MS isolates are necessary to explore the frequency of horizontal transmission in nursery environments, the stability of the infecting MS strains, and the potential means of transmission, e.g., the sharing of pacifiers. The investigation of such populations may be important to the understanding of pathways for early acquisition of MS, further directing the development of caries-preventive programs worldwide.
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